Introduction
Autophagy is an intracellular degrading system that is highly dependent on lysosomes and has existed universally in eukaryotic cells. It is an adaptive metabolism that can eliminate impaired and senescent organelles and biological macromolecules. It is an important and highly conservative regulatory mechanism to maintain intracellular stability. The autophagy phenomenon was first observed by Ashford and Portein in 1962 in liver cells through electron microscopes, but following that discovery, no breakthroughs on autophagy research were made until Tsukada and colleagues discovered the autophagyrelated gene (Atg) in 1993 in Saccharomycetes [1, 2] . Recent studies have found that autophagy is associated with kidney aging and the occurrence of some kidney diseases including acute kidney injury, drug-induced renal im-pairment, hereditary renal diseases and diabetic nephropathy. Accordingly, autophagy could possibly be considered as a new target for treating kidney diseases in the future. In this review article, we briefly introduce the key molecules and signaling pathways associated with autophagy development and highlight the role of autophagy in various chronic kidney disease processes.
Overview of Autophagy
Classification of Autophagy Based on the difference between channels that deliver substances to lysosomes, autophagy is categorized into macroautophagy, microautophagy and chaperone-mediated autophagy (CMA) [3] . Macroautophagy is a catabolic process in which portions of the cytoplasm are sequestered with double-membraned vesicles, termed autophagosomes, and then delivered to lysosomes for bulk degradation. Microautophagy is a process in which lysosome membranes invaginate themselves directly to enclose and degrade the substrates. CMA occurs after fusing with chaperones, where the protein inside the cytoplasm is transferred to lysosomes and degraded by enzymes inside the lysosomes. This process is highly selective. In CMA, proteins containing KFERQ motif are identified by heat shock cognate protein of 70 kDa (HSC70), thus forming the HSC70/substrate protein complex which interacts with the lysosomal membrane and is mediated by lysosome-associated membrane protein 2A (LAMP-2A) and is later engulfed and degraded by the lysosome [4] . Macroautophagy is the most common of these three types, and its degree of usage in diseases is the highest, so the autophagy discussed in this article is mainly macroautophagy (hereafter referred to simply as autophagy). In terms of different control approaches concerning cell quality, autophagy could be further classified into selective autophagy and nonselective autophagy. Even with adequate nutrition in the liver, around 1-1.5% of cellular protein degrades and metabolizes each hour. As the quality control tool of the cytoplasm, autophagy plays a fundamental part in the homeostasis of anaphase cells such as neurocytes, hepatocytes and the like. This quality control is partly accomplished by nonselective autophagy. However, selective autophagy is also able to degrade particular proteins, organelles and foreign bacteria [5, 6] and can also be induced by cellular stress, including selective degradation mediated by p62 and selective degradation related to ubiquitinated cargos [7] [8] [9] .
Pathological and Physiological Significance of Autophagy
The organism accomplishes organelle regeneration through the elimination of subversive proteins, peroxidase, mitochondrion and other unnecessary or impaired cells and organelles through autophagy, thus maintaining a stable intracellular environment. Meanwhile, free amino acids and aliphatic acids generated in the process of protein degradation are reused by cells under the stimulus of hunger and certain factors, providing necessary elements for metabolism. Furthermore, the gene-oriented researches of tissue specificity have shown that autophagy plays a role in the differentiation of many specific cells, such as adipocytes, erythrocytes and T cells, and participates in the surface-active substance composition of alveolar type II cells. In addition, autophagy is closely related to such diseases as tumorigenesis, pathogen infection, neurodegeneration and myocardial ischemia reperfusion injury.
Formation Process of Autophagy
The formation process of autophagy falls into four stages [10] . (1) Formation of a separation film: stimulated by various autophagy-inducing factors to develop a cupshaped isolated double-membrane structure, i.e. phagophore, in the surroundings of organelles or proteins to be degraded in the cytoplasm. Many factors inside and outside cells can induce autophagy. The most common are nutrient deficiency, unfolded and incorrectly folded proteins, impaired or senescent organelles, growth factor deficiency and hypoxia; also, contact with cytotoxic substances, such as cisplatin, cyclosporine and cadmium, can stimulate the activity of cell autophagy [11] . (2) Formation of autophagosomes: the separation film gradually stretches and increases the degree of bend and devours protein, organelles and the like, forming a closed spherical structure, i.e. autophagosome, surrounded by a double membrane. The half-life period of an autophagosome is around 8 min, which indicates that autophagy is a fast and effective reaction of cells to changing environments. (3) Formation of autophagic lysosomes: under the guidance of ESCRT and monomeric GTPase (Rabs), autophagosomes transfer what they have engulfed to lysosomes and then fuse with them into autophagic lysosomes in the function of SNARE and Rabs [12] . (4) Degradation of autophagosome contents: after the fusion of autophagosomes and lysosomes, the intima and contents of the autophagosome are degraded by various proteolytic enzymes in lysosomes and later released into the metabolism and recirculation system. The proteins involved in this process include Atg1, Atg13, Atg15, Atg 22, etc. [13, 14] .
Autophagy Assays
Today, there are mainly the following three methods for detection of autophagy. (1) Morphological detection with electron microscopes, which serves as a golden standard of autophagy detection: the autophagy formation process and the ultimate nondegradable residues inside the autophagosome can be seen in the impaired organelles [15] . (2) Detection of iconic proteins in the autophagic membrane, including two submethods, namely chemical detection of the immune system and Western imprint detection: the iconic proteins in the autophagic membrane include microtubule-associated protein 1 light chain 3, Beclin-1, Atg7, Atg12 and autophagy-adjusted protein and the like [16] . (3) The monodansylcadaverine (MDS) staining method is a unique way to detect autophagy, mainly through the fusion of Atg8 in the autophagic membrane surface and MDS. After fluorescence gets stained, perinuclear positive coloration can be seen. Most autophagy models, autophagy-related diseases and the autophagy-related chronic kidney diseases which will be introduced in the following paragraphs utilize these three detection methods to conduct quantitative and qualitative experimental analyses. Emphasis is put on the chemical detection of the immune system and Western imprint detection. Furthermore, the establishment of a mouse model with autophagy-related genes knocked out is also convenient for studying autophagy. For example, in transgenic mice expressing green fluorescent protein (GFP)-LC3, experiments can be conducted to assess the role of autophagy in various diseases through examining the level of LC3 [3] .
Regulatory Mechanism of Autophagy
Regulation of Atg So far, scientists have discovered over 30 kinds of Atgs and most of their orthologs in high eukaryotes. By function, Atg proteins can be divided into five groups, namely Atg1 kinase complex [Atg1/Unc-51-like kinase (ULK) 1/2], Atg9, class III phosphoinositide 3-kinase complex (PI3KC3), Atg12 conjugation system and Atg8 conjugation system. Atg1/ULK 1/2 complexes in mammals (including Atg13, FIP200 and Atg101) incorporate other Atg proteins into the preautophagosomal structure and facilitate the formation of autophagosomes through specific substrate phosphorylation [17] . The complexes formed by a subset of Atg proteins (Atg6/Beclin-1, Atg14/ Atg14L) and PI3KC3 and UV radiation resistance-associated gene (UVRAG) can generate phosphatidylinositol 3-phosphate (PI3P). Atg18, Atg20, Atg21 and Atg24 are positioned with autophagic vacuoles by binding with PI3P and PI (3 and 5) so as to take part in the formation of autophagosomes [2, 18] . Furthermore, the Atg12 conjugation system and the Atg8/LC3 conjugation system can coregulate autophagosome spreading. In the Atg12 conjugation system, Atg12 is activated by Atg7, forming covalent binding with its target protein Atg5 by catalyzing Atg10 and then binding with Atg16 to form the Atg12-Atg5-Atg16 complex. This complex forms a polymer through isotype oligomerization and is positioned in autophagic vacuoles. On the other hand, in the Atg8/LC3 conjugation system, Atg8 protein C-terminal arginine (R) is hydrolyzed by Atg4 and activated through binding with Atg7; the activated Atg8 is mediated by Atg3 and combines with phosphatidylethanolamine (PE) to form an Atg8-PE/LC3-II complex [19] . The formation of the Atg12-Atg5-Atg16 complex and the Atg8-PE/LC3-II complex is critical for the process of autophagy, as the mutation of any complex or other components participating in this process will result in an autophagy defect; hence, knocking out these genes is a common method to inhibit autophagy in experimental research.
Autophagic Signaling Pathways ( fig. 1 ) Mammalian Target of Rapamycin Signaling Pathway Downstream Signaling Components of Mammalian
Target of Rapamycin. Mammalian target of rapamycin (mTOR) acts as an autophagy inhibitor. When there are sufficient nutrients in cells (such as rich amino acids and growth factors), mTOR is activated to block autophagy pathways; but when there is nutrient deficiency, cells are in a starvation condition and mTOR's activity is inhibited; thus, its inhibiting effect on autophagy pathways is suppressed. After activation, mTOR can inhibit the formation of autophagy-related genes or protein complexes including ULK/autophagy gene (Atg1) complex and PI3KC3, both being important complexes in the formation of autophagy isolation membranes. Furthermore, activated mTOR can regulate the two downstream factors, ribosome protein subunit 6 kinase 1 (S6K1) and eIF4E-binding protein 1 (4EBP-1), to inhibit autophagy through affecting the transcription and translation of related proteins [20] [21] [22] .
Upstream Signaling Components of mTOR.
(1) Phosphatidylinositol 3-kinase I (PI3K-I)/protein kinase B (Akt/PKB): PI3K-I is activated by insulin or growth factors binding with transmembrane insulin receptors or tyrosine kinase receptors that phosphorylate PIP into PI3P. PI3P then binds with Akt/PKB and its activated molecule PDK1 in order to inhibit downstream tuberous sclerosis complex 1 and 2 (TSC1/2) proteins, thus activating mTOR to exert its inhibiting effect on autophagy [23] [24] [25] .
(2) AMP-activated protein kinase (AMPK): AMPK regulates the energy condition of cells through monitoring the AMP/ATP ratio [26] . When glucose is deficient, the content of ATP concentration will decrease, thus activating the AMPK signaling pathway in cells [27] . Similarly, at the condition of low glucose, the expression of autophagy will increase. The activated AMPK inhibits mTOR activity by directly phosphorylating mTOR or activating TSC (TSC1/2 heterodimer), thus enhancing autophagy. (3) Amino acids [28] : amino acids are the major end-products of autophagy pathways. Some amino acids including alanine, leucine, glutamate and phenylalanine are also important regulatory factors of autophagy. By negative regulation of autophagy levels, amino acids can maintain a stable intracellular environment.
B-Cell Lymphoma-2/Yeast Atg6 Homolog (Beclin-1) Pathway In mammals, Beclin-1 is Atg6's homolog, and the most important positive regulatory factor in the process of autophagy. It usually plays a role in regulating the positioning of other Atg proteins in the autophagy precursor structure. For example, assembling a Beclin-1/PI3K-III complex promotes the formation of autophagy. B-cell lymphoma-2 (Bcl-2) is an antiapoptotic protein that can bind to the BH3 domain of Beclin-1 to inhibit the interaction between Beclin-1 and PI3K-III, thereby affecting the formation of autophagy [29] . In starvation conditions, the decreased interaction between Beclin-1 and PI3K-III results in increased autophagy levels, whereas in nonstarvation conditions, Bcl-2 reduces autophagy levels by binding with Beclin-1 [30] . Cellular Stress Pathway Hypoxia . In hypoxia, autophagy levels increase in mitochondria in order to decrease reactive oxygen species (ROS) and maintain cell integrity. Hypoxia-inducible factor 1 (HIF-1) in hypoxia can activate the target gene BNIP3 (Bcl-2 family protein), which competes with Beclin-1 for binding with Bcl-2, releasing Beclin-1 to activate autophagy [31] [32] [33] .
Oxidative Stress. ROS are a common autophagy inducer in cell stress, facilitating Atg8/LC3 lipidation to acti- Endoplasmic Reticulum Stress. PKR-like endoplasmic reticulum kinase (PERK) and inositol-requiring enzyme 1 (IRE1) are the main substances for mediating the formation of autophagy in mammalian endoplasmic reticulum stress [34, 35] . Each, respectively, participating in the pathway of IRE1-XBP1/IRE1-JNK and the pathway of PERK/eukaryotic translation initiation factor 2α (eIF2α) to induce the formation of autophagy.
Dual Regulation of p53
p53 is the sensor protein for all sorts of intracellular pressure, controlling the process of autophagy and regulating cell apoptosis by its own activation or deactivation. By different intracellular positioning, p53 plays diverse roles in autophagy regulation: p53 facilitates autophagy when positioned in the cell nuclei because it can transactivate the two subunits of AMPK as well as TSC2. Meanwhile, p14ARF that exists in the cell nuclei can easily bind with ubiquitin hydrolase MDM2 of p53 to effectively prevent p53 from the degradation caused by MDM2, thus preserving the role of p53 in the nucleus [36] ; when positioned in the cytoplasm, p53 inhibits autophagy in three ways [37] : activating autophagy inhibitor mTOR, inhibiting the effect of AMPK and exerting a direct effect. Based on the specific characteristics of p53's positioning, regulatory roles of p53 in autophagy can be controlled. For example, blocking the cell nucleus positioning signals of p53 can result in more p53 distributed in the cytoplasm, thereby resulting in autophagy inhibition. Conversely, if the nuclear export signals of p53 are destroyed, more p53 will be accumulated in the nucleus, losing its effect on autophagy inhibition.
Autophagy in Chronic Kidney Diseases

Diabetic Nephropathy
Diabetic nephropathy is one of the most common chronic microvascular complications of diabetes mellitus [38] . In roughly 35-40% of patients suffering from diabetes, the disease is further complicated by diabetic nephropathy [39] . Recent researches have demonstrated that the occurrence and development of type 2 diabetes and its complications are closely associated with the change of nutrient-sensitive pathways. The major related nutrient-sensitive signal proteins include mTOR [40] , AMPK [41] and oxidized coenzyme-dependent histone deacetylase (Sirt1) [42] . As nutritional conditions change (high glucose environment), nutrient signal pathways inflict damage on the autophagy functions of cells so that the cells are unable to react normally to all sorts of extracellular stress, and organelle functions are further disordered, resulting in diabetic nephropathy. (1) mTOR is a target molecule of rapamycin and can combine with other proteins to form two types of complexes with different functions (mTORC1 and mTORC2) in mammals, with mTORC1 sensitive to the immunosuppressive agent rapamycin. In models of type 1 and 2 diabetic nephropathy, inhibiting mTORC1 signaling pathways via rapamycin plays a protective role for the kidney [43, 44] . Recent studies have reported that mTORC1 plays an important role in maintaining sertoli cell homeostasis. However, it has been discovered in models of type 1 and 2 diabetic nephropathy that excessive activation of mTORC1 is one of the causes of glomerulus damage [45] . (2) The AMPK signaling pathway is a protective regulatory mechanism. Its activity is inhibited in diabetic nephropathy, resulting in reduced renal autophagy function. Both resveratrol and metformin can be used to activate AMPK. Reports have demonstrated that resveratrol can alleviate renal damage in early-stage diabetic nephropathy by activating AMPK [41] . In the glomeruli and renal tubules in animal models of type 1 and 2 diabetic nephropathy, AMPK activity is inhibited. However, activating AMPK via human intervention can reduce glomerulus and renal tubule damage [46] . (3) Sirt1 plays an important role in regulating the aging of mammals and the pathogenesis of agingrelated metabolic diseases like type 2 diabetes. Researchers have discovered that Sirt1 expression decreases in animal models of diabetic nephropathy [47, 48] . Diabetes causes significant glomerular cell apoptosis, while Sirt1 resists mesangial cell apoptosis incurred by diabetes through inhibiting oxidative stress and transforming growth factor β (TGF-β), to protect the kidneys [42] . Autophagy might become a new diabetic nephropathy pathogenesis-based target for prevention and treatment. Protecting the kidneys by reversing the above-mentioned change of nutrient signal pathways through human intervention demonstrates great therapeutic promise.
Obstructive Nephropathy
Nephron number decrease, renal tubular atrophy and renal interstitial fibrosis can be observed in obstructive nephropathy, but the pathogenesis remains unclear. Existing research has pointed out that autophagy plays a part in both renal tubular epithelial cell (TEC) apoptosis and renal tubular epithelial-mesenchymal transition [49] [50] [51] . Li et al. [52] , in models of obstructive nephropathy in mice induced by unilateral ureteral obstruction, discovered that within 7-14 days after obstruction, the levels of autophagosome, LC3 and Beclin-1 increased significantly, the damage of proximal tubules deepened and the cell death percentage increased from 2.9 to 7.6%. Therefore, it is speculated that autophagic cell death is closely related to urinary tract obstruction. On this basis, Kim et al. [53] , in further research on models of obstructed kidneys in rats, discovered that applying 3-methyladenine to rats at the postoperative stage of ureteroureterostomy to inhibit autophagy will result in increased renal tubular cell apoptosis and severer renal interstitial fibrosis, while inducing cell proliferation in the contralateral kidney. This indicates that in ureteroureterostomy models, autophagy plays a protective role in the obstructed kidney and has regulating effects on compensatory cell proliferation in the contralateral kidney [53] .
In terms of mechanism regulation, autophagy induction in obstructed kidneys is related to the mTOR signaling pathway. In earlier-stage obstruction, due to regulating mechanism response in the organisms, mTOR is inhibited and cell autophagy activity is enhanced in order to remove abnormal protein molecules, peroxide, etc. caused by obstruction. Thus, the disease is characterized by increasing expression of LC3, which incurs protective response to stressful environments. However, as obstruction continues to exist and cell autophagy capacity is limited, mTOR is activated and autophagy activity is decreased at the advanced stage of obstruction. Nonetheless, the factors with damaging capabilities on cells continue to exist and increase with time, resulting in the gradual development of the disease. This is evident in the increase in expression of fibrosis factor TGF-β1 and the decrease in the expression of LC3, further indicating progressive renal damage. Hence, it is believed that autophagy activated by urinary tract obstruction plays a protective role at the early stage, but when stimulated by continuous urinary obstruction, the protective function of autophagy is altered and it begins to accelerate renal TEC apoptosis [53, 54] . Based on this mechanism, it has been found that rapamycin, an mTOR signaling pathway blocker, is capable of inhibiting excessive expression and biological activity of mTOR, TGF-β1, etc., as well as improving LC3 expression. Therefore, it can partly alleviate the inhibition of cell autophagy borne at the advanced stage of obstruction and enhance autophagy activity, reducing renal interstitial fibrosis and inflammatory cell infiltration. Rapamycin has also been shown to have clinical efficacy in delaying the progress of chronic renal diseases. However, its specific mechanism of action still requires further research.
IgA Nephropathy
IgA nephropathy (IgAN) is a chronic progressive disease, and about 25-50% of patients are at risk for the development of end-stage renal disease within 25 years following their confirmed diagnosis. Further, IgAN demonstrates diversified clinical and pathological manifestations as well as differences in prognosis, with a 10-year survival rate of 63-96% according to foreign reports and 85% in China [55, 56] . Therefore, how to evaluate IgAN prognosis is of particular importance in clinical treatment. Sato et al. [57] discovered that the autophagy type of sertoli cells is closely connected with IgAN prognosis. There are two types of autophagy in sertoli cells: type I autophagy and type II autophagy. Autophagosomes (diameter about 1 μm) of type I autophagy contain a large number of dense ribosomes and a small quantity of lipid vacuoles with incomplete membranes; therefore, they are unable to form functional autophagosomes. However, autophagosomes (diameter about 3-8 μm) of type II autophagy contain a small number of dense ribosomes and a large quantity of lipid vacuoles; therefore, they are able to complete the process of autophagy and effectively remove damaged protein and liposomes in the cells. The authors also compared 16 cases of IgAN patients and ensured the autophagy types in these cases remained unchanged through repeated (two or three samples per patient) renal biopsy. The results implied that, in the pathological categories of type I autophagy in IgAN patients, moderate glomerular mesangial proliferation is mainly displayed and is associated with mild to moderate focal segmental glomerulosclerosis and renal tubular atrophy. These findings demonstrate severer degrees of pathological damage than in IgAN patients with type II autophagy. This implies that IgAN patients dominated by type I autophagy tend to have severer renal damage, more recurrence and faster progression, which leads to a poorer prognosis [58] . This research finding provides evidence for the efficacy of delayed autophagy activity as an indicator for the early diagnosis and prognosis of IgAN.
Autoimmune Renal Disease
Among autoimmune renal diseases, such as glomerular basement membrane renal disease, anti-neutrophil cytoplasmic antibody (ANCA)-associated renal damage of vasculitis as well as lupus nephritis, autophagy may provide the sources of immune activators and autologous antigens for organs. Anders and Schlondorff [59] thought that the damage-associated molecular pattern molecules (DAMPs) and pathogen-associated molecular pattern molecules (PAMPs) generated by renal TECs or dendrit-ic cells and macrophages were mainly degraded through autophagy. In autophagic lysosomes, DAMPs and PAMPs can be recognized by the Toll-like receptors (TLRs) in the cell surface and their own immune receptors; this causes the nuclear transcription factor NF-κB and Jun/Fos to be activated by a series of cascade reactions of proteins, hence leading to the effective activation of immune reactions. If DAMPs and PAMPs in autophagic lysosomes serve as intracorporal concealed antigens and become the autologous antigens through TLR recognition and main histocompatible compounds (MHC-I or MHC-II), then their presence will result in the absence of immune tolerance and autoimmune renal diseases.
Lupus nephritis is the most common chronic kidney disease and is associated with severe complications in systemic lupus erythematosus patients. Among all the known autophagy-related genes, apolipoprotein L1 (APOL1) [60] and myotubularin-related phosphatase 3 (MTMR3) [61] have been verified as being closely related to lupus nephritis. APOL1 is a BH3-only protein; its overexpression can lead to the death of autophagocytes [62] . MTMR3 is a kind of PI3P, regulating the level of PI3P in cells with PI kinases, that mediates the formation of autophagosomes and the occurrence of autophagy [63, 64] . In the northern Han Chinese population, Zhou et al. [61] have found that the gene mutation of MTMR3 (rs9983A) is closely related to the morbidity of lupus nephritis. To explore the relationship between lupus nephritis and the mTOR inhibitor rapamycin, a Greek experimental team conducted a study on mice. They divided 32 female NZBW/F1 mice into four groups, namely a healthy control group, an untreated group, a preventive group and a therapeutic group. The results showed that the total and phosphorylated forms of Akt and mTOR level in the kidney cortex of lupus nephritis mice had a remarkably higher upregulation than those of healthy control mice. Furthermore, they found that the intervention with rapamycin in the preventive and therapeutic groups could prolong the life span of mice and decrease the levels of urinary protein, serum creatinine and anti-ds DNA titer [65] . This indicates the existence of an abnormally activated PI3K/Akt/mTOR pathway in mice suffering from lupus nephritis, suggesting that autophagy is involved in the pathological process of lupus nephritis.
Nephropathic Cystinosis
Nephropathic cystinosis falls into the category of lysosomal storage diseases and is a common autosomal and hereditary disease. The main disease characteristics are abnormal function of the kidney tubules and progressive development of renal insufficiency, the etiology of which at present is still unknown. Recently, researchers have discovered that mitophagy has an upregulated expression in cystinosis fibroblasts and proximal tubular cells [66, 67] . They also verified that there is the phenomenon of autophagy dysfunction in cystinosis. Sansanwal and Sarwal [68] detected four cases of biopsy specimen in patients with nephropathic cystinosis syndrome and confirmed a significant increase in LC3 and p62 expression levels. Meanwhile, Sansanwal et al. [66] , in studying nephropathic cystinosis syndrome, discovered an increase in autophagic vacuoles of proximal renal TECs and a growing expression of autophagic labeled proteins of LC3 and Beclin-1. They also found that the apoptosis rate of proximal renal TECs of cystinosis can be reduced by 3-MA-hindering autophagy, implying that autophagy may serve as the molecular mechanism for nephropathic cystinosis [66] .
Aristolochic Acid Nephropathy
Aristolochic acid (AA), commonly seen in herbal medicine, has the effect of relieving cough and asthma, antibiosis and inflammation and reducing pressure. However, it also possesses the ability to induce renal toxicity that can cause AA nephropathy which results in the apoptotic damage of renal TECs. Zeng et al. [69] , in studying the renal toxicity of AA, discovered that an increased expression of autophagic labeled proteins of LC3-II and Beclin-1 can be detected after incubating renal TECs for 3-6 h with the main ingredient of AA, namely AAI. The apoptotic rate of TECs induced by AAI after application of Wortmannin and 3-MA (autophagy hinderers) as well as silent Atg7 significantly increased when compared to the control group. Results showed that autophagy plays a protective role in TECs injured by AAI, that is, autophagy can improve the damage of AA nephropathy.
Chronic Cyclosporin A Renal Toxicity
Chronic cyclosporin A (CsA) renal toxicity is caused by a pathological change featuring belt-shaped fibrosis of renal tubules that can cause the apoptosis of renal TECs as a result of oxidative stress. Meanwhile, CsA can activate autophagy by inducing reticulum stress of renal tubules in order to reduce renal toxicity. Pallet et al. [70] , in applying CsA to human renal tubular cells, discovered that it could induce autophagy by promoting LC3-II expression and the formation of autophagosomes. They also found that after siRNA of Beclin-1-hindering autophagy, the activity of TECs treated by CsA decreased. This implies that in the treating process with CsA, if the 44 autophagy is inhibited, the death of renal TECs will increase, suggesting that autophagy plays a protective role in tubular damages induced by CsA.
Concluding Remarks
Autophagy is an important process involved in the growth, development, physiology and pathology of cells. It is typically considered as a cell self-protection mechanism. However, as the research on autophagy continues to progress, more and more discoveries reveal that autophagy is a 'double-edged sword' -exerting both therapeutic and/or detrimental effects on cells and tissues. These two-way effects may be explained by differences in tissue, time period, type of autophagy, activation method and stress severity. Similar to other diseases, autophagy is also implicated in the pathological process of chronic kidney disease. Although our knowledge on the molecular mechanisms of autophagy in relation to chronic kidney disease has been greatly improved in recent years, there is still a lot of missing information necessary for a full establishment of clinical settings of using autophagy as a target for patients with kidney disease. Thus, we must continue to uncover the pathogenesis and regulatory mechanisms of autophages in various underlying renal diseases in order to ensure autophagy as a novel target for the treatment of chronic kidney diseases with diverse underlying causes.
